ALT-2, a novel antigen belonging to the chromadorea ALT-2 family of the filarial nematode is proved to clear filarial parasites in Jirds. In order to increase the protection efficacy by stimulating the cell mediated immunity, MPLA a detoxified derivative of LPS known to induce the cellular response, was used in this study as an adjuvant on mice models. ALT-2+MPLA formulation elicited a high titer of total IgG antibody, with profoundly increased levels of IgG2b. Reduced splenocyte proliferation was observed in immunized group when compared to control groups which could be attributed to many in vivo factors. The levels of IFN-γ were high in unstimulated MPLA group compared to ALT-2 stimulated MPLA group, suggesting that the ALT-2 antigen suppressed the IFN-γ levels. A high level of IL-10 was induced by the ALT-2+MPLA formulation, which inhibited the production of Th2 cytokines (IL-4, IL-5) and also reduced the Th1 cytokine (IFN-γ, IL-2) levels which are not in vogue with the classical MPLA adjuvant formulation. We propose a mechanism for this immunomodulation which involves a diminished expression of TLR-4, by which the filarial parasites have evolved to evade host immune mechanism.
Introduction
Human lymphatic filariasis is characterized by profound immunosuppression during active infection (Ottesen et al. 1977) in Microfilaremics, while there is a heightened immune reactivity to adult parasites in chronic conditions (Maizels et al. 1999 . A putative vaccine candidate should not be expressed in adult parasite, to expel vaccine induced pathological conditions in host. Abundant larval transcript (ALT-2) is a L3 stage specific antigen, unrelated to any host constituents and is known to have immunomodulatory role in early host immune response (Porthouse et al. 2006) . ALT-2 conferred 76% protection in Jirds when immunized along with alum (Gnanasekar et al. 2004) . The mechanisms proposed for parasite clearance are (i) Th 2 response: Antibody dependent cell mediated cytotoxicity (ADCC) (ii) Th 1 response: IFNγ stimulated toxic mediators. Studies have reported that aluminum adjuvants induce humoral response including IgE (Hamaoka et al. 1973) but they fail to activate cell mediated immune response (Bomford 1980) . The protection efficiency of ALT-2 can be increased by administering along with adjuvants capable of stimulating cell mediated immune response (CMI).
Of the various CMI inducing adjuvants, TLR-4 agonist of lipopolysaccharide (LPS) an outer membrane protein of gram negative bacteria is a potent inducer of inflammation and innate immune response. LPS administration induces septic shock and inflammatory syndrome. Less endotoxic derivatives of LPS like Monophosphory Lipid A (MPLA), generated by modifying the structure of lipid A in LPS, retains the immunogenicity. MPLA induces IFN-γ production by antigen specific CD4 + T cells; thereby generating a Th1 biased immune response (Casella and Mitchell 2008) .
In this study we analyzed the immune response elicited by ALT-2+MPLA adjuvant formulation in mice model at a primary level. Alum elicits a Th2 profile along with side effects like granuloma formation and B-cell pseudolymphoma at injection site (Hernandez et al. 2008) , while MPLA stimulates cellular response and also is a ligand for TLR-4 (Casella and Mitchell 2008) . Hence we intended to analyze the immune recognition pattern of MPLA along with filarial antigen BmALT-2. 
Materials and Methods
Mice, antigen and adjuvant formulation 6-8 weeks old male BALB/c (H-2 d ) mice were purchased from Kings Institute, Chennai and housed in the animal house facility at Center for Biotechnology, Anna University, Chennai. The experimental protocol was approved by the Institutional Ethical Committee of Anna University. Bacteria derived adjuvant, Monophosphoryl Lipid A (MPL-A) of Salmonella was purchased from Sigma Aldrich. 1 mg/ml of MPL-A was prepared by dissolving 1 mg in 0.5% Triethanolamine, subjected to ultrasonication at 60°C until a uniform clear suspension was obtained. ALT-2 gene was expressed in E. coli strain BL21-DE3(pLysS), and recombinant protein was purified by gel electro elution (Hager and Burgess 1980) . The endotoxin content of the purified recombinant proteins was investigated using the Limulus Amebocyte Lysate (LAL) assay. 25 µg of ALT-2 antigen was formulated with 5 µg of MPL-A, which was administered to the mice via intramuscular route.
Mice immunization
MPLA+ALT-2 (5 µg + 25 µg) was immunized to a group of 6 male BALB/c mice, control group was immunized with MPLA (5 µg) alone. Four same dose boosters were given after the immunization on day 14, 21, 28 and 35, on the same days the mice were tail bled to determine the humoral response elicited by the antigen-adjuvant formulation.
ELISA to analyze the humoral response
Mice sera collected on different days post immunization were diluted 1:100 and used to perform ELISA to measure the titer levels of antibody raised against the antigen. In brief ELISA was performed by coating the ALT-2 protein on 96-well ELISA plates (NuncMaxisorp, Denmark), which was blocked with 0.5% Bovine Serum Albumin (BSA) and washed with Phosphate buffer saline tween 20 (PBST) and Phosphate Buffer Saline (PBS). Levels of specific antibody response in the mice were detected using alkaline phosphatase (ALP) conjugated goat anti mouse secondary antibody. The absorbance was measured at 405 nm. The Isotype of the antibody response was determined using Isotype ELISA following the manufacturer's protocol (Sigma Aldrich, USA).
Splenocyte to study the cellular response
Spleen from immunized mice was removed aseptically and cells were then cultured in flat bottomed tissue culture plates at a concentration of 2 x 10 5 cells/well in RPMI 1640 medium supplemented with Gentamicin (80 µg/ml), 25mM HEPES, 2 mM glutamine and 10% FCS (Invitrogen, USA) in 96 well plate for proliferation studies. The cells were stimulated with ALT-2 (1, 5, 10 µg/well) or positive control Concanavalin A (ConA) (1µg/well) and incubated at 37°C at 5% CO 2 for 3 days. The cultures were then pulsed with [H 3 ] Thymidine at 0.5 µ Ci/well. The cells were incubated for 18 h and harvested onto glass fiber discs and thymidine incorporation was measured by liquid scintillation counter. Proliferative responses were expressed as stimulation index (S.I.) calculated as counts per minute (cpm) of cells stimulated with antigen divided by cpm of unstimulated cells. All cultures were performed in triplicates and the results expressed as mean S.I. ± SEM.
Cytokine analysis
The culture supernatants after splenocyte stimulation were centrifuged at 5000 rpm for 15 min, filtered through 0.22 µm pores and assayed for cytokine levels using sandwich ELISA for anti-mouse IFN-γ, IL-2, IL-4, IL-5 and IL-10 according to the manufacturer's instruction (eBioscience, USA). The values of the cytokines were derived from standard curve after detection of the un-stimulated culture's value. All data is presented as pg/ml obtained as mean from six animals distributed through three independent experiments ± SD.
Results and Discussion
Humoral response induced by ALT-2+MPLA adjuvant formulation:
ALT-2, a putative vaccine candidate in experimental filariasis, has been extensively studied for parasite clearance with alum as an adjuvant in Jirds (Gregory et al. 2000) . An initial study of the immune response elicited by ALT-2 with MPLA has been carried out to elucidate if this formulation could bring a Th1/Th2 balance in mice, as a prophylaxis. The isotype profile of ALT-2 formulation was similar to the results published by Sharmila et al. 2011 . The ALT-2+MPLA formulation elicited a high antibody response with a titer of 2,56,000 (Fig. 1a) compared to the MPLA control group. The isotype analysis revealed high levels of IgG2b (P < 0.002) followed by IgM (Fig. 1b) in the ALT-2+MPLA group compared to the MPLA group.
The Th1 associated antibody isotype IgG2b, a cytophilic antibody (van Die and Cummings 2006) , was predominantly high compared to all other IgG isotype in ALT-2+MPLA groups. In contrast the MPLA control group showed an overall low levels of IgG isotype, which probably could be a pattern elicited by this adjuvant. It is known that LPS, a T independent antigen, induced the synthesis of IgM with some IgG2b and IgG3 (Peter J. Delves et al. 2011) . In mice classical complement pathway is activated for the most part by IgM followed by IgG2a, IgG2b and IgG3, while IgG1 is a poor activator (Klaus et al. 1979, Neuberger and Rajewsky 1981) . Our results indicate high levels of IgG2b followed by IgM, which probably could activate the complement system and prime the innate immunity of the host. Apart from the direct Immunomodulation of ALT-2 and TLR 27 protection against an invading pathogen, complement cascade interacts with adaptive immunity to optimize both cellular and humoral defense cascade in the body.
Lymphoproliferative response
The lymphoproliferative response of spleen cells from MPLA and ALT-2+MPLA groups were expressed as proliferative stimulation index (S.I). Con A mitogen pulsed cells, of both groups showed significant stimulation indices (S.I = 42.44 ± 4.83) confirming the proliferation of T cells. When both groups were pulsed with ALT-2 antigen, even with low concentration of 5 µg control groups showed high proliferation (S.I = 32.28 ± 3.27) whereas ALT-2 + MPLA group showed almost 6 fold decrease in proliferation (P<0.0001) (Fig. 2) . MPLA adjuvant is a good immunopotentiator, as evidenced from the proliferation of T cells in the control group even when pulsed with ALT-2. However the adjuvant formulation immunized, failed to induce proliferation and recall-response to the ALT-2 antigen. This could be due to (1) low expression of co-stimulatory signals on APC (2) low production of proinflammatory cytokines (3) in sufficient production of memory cells, which result in impaired T cell proliferation, rendering T cells tolerant (Harry et al. 2010) .
Quantification of cytokine proteins in culture supernatant
An array of cytokines were quantified to identify the nature of immune response elicited by the adjuvant antigen formulation. IFN-γ and IL-2, the signature cytokines of Th1 cells, were measured since MPLA is known to enhance cell mediated immunity (Tomai and Johnson 1989) . ALT-2 immunized mice were used as a control to compare the cytokine milieu elicited by all three groups. ALT-2 group showed high levels of IFN-γ, IL-4 while significantly low levels of IL-10 ( Table I ). The pattern elicited by MPLA group showed high levels of IL-10 followed by IL-4. The IL-10 levels of MPLA control group was almost 5.5 fold higher than ALT-2 immunized group, while IFN-γ levels were found to be higher in the later. The 2 fold increase of IL-10 in ALT-2+MPLA immunized groups compared to MPLA groups propose that ALT-2 may be responsible for the down regulation of IFN-γ, probably owing to the immunomodulatory effect of ALT-2 (Ravichandran et al. 1997; Kurniawan et al. 1993) . Levels of IFN-γ produced were low compared to the high amount of IL-10 elicited during stimulation with ALT-2. Allergic studies in animal models have given evidence that IL-10 has inhibitory effect on Th2 response in vitro and in vivo (Cottrez et al. 2000) . This study highlights that IL-10 cytokine has possibly inhibited both IL-4 and IL-5, thereby preventing class switching of antibodies inducted by these cytokines.
The Th1 associated cytokines: IL-2 levels of ALT, and ALT+MPLA groups showed similar levels, while IFN-γ level was observed to be more in ALT+MPLA group compared to ALT, MPLA groups with distinct proliferative index. Hence it was a paradox considering high IFN-γ production with low stimulation index in ALT+MPLA group. In the present study we found IL-10 production was 4 times more than the IFN-γ production in MPLA groups while it was 0.22 and 1.88 times in ALT and ALT+MPLA groups. Thus in spite of higher IFN-γ production ALT+MPLA group did not show a higher stimulation index (Fig. 2) and this could be attributed to either lower IL10 production in this group or the immunomodulatory effect of ALT-2 or a combination of both.
Filarial immunity is characterized by T cell hyporesposiveness in asymptomatic state (Ottesen et al. 1977) , whereas people residing in endemic area still resistant to infection show a balanced Th1/Th2 response (Maizels and Yazdanbakhsh 2003) . Vaccine adjuvant formulation that mimics the immunity of endemic normal will aid in preventing this dreadful disease. However this ALT-2+MPLA formulation has elicited antibody titer, which may be a protective immune response, but the impaired/hypo responsive state of T cells and the milieu of cytokines produced establish the role of IL-10 a regulatory cytokine which has dampened the T cell mediated response.
Proposed immunomodulatory mechanism
In filarial infections, multiple mechanisms have been postulated to play a role in down-regulating host immune responses. These include regulatory T cells (Treg) and cytokines, altered function of APC, T cell and APC apoptosis, conditioned Th2 cells, alternatively activated macrophages, and inducible NO synthase (Maizels et al. 2004) . Immunomodulation induced by filarial parasites act on different arms of the immune system including lymphocytes and APC (Maizels et al. 2004) . In mice models of filarial infection, parasites elicit a population of alternatively activated macrophages, which have been shown to down-modulate T cell responses (Allen et al. 1996) . The interactions of helminth parasites with APC involve TLR (Maizels et al. 2004) . Filarial parasites harbor a Wolbachia endosymbiont that can interact with the innate immune system through TLR2 and TLR4 (Brattig et al. 2004) . Down regulation of TLR expression is an important strategy followed by many bacterial pathogens to evade the host immune mechanism (Alvarez 2005) . MPLA is a TLR-4 ligand which activates the TLR signaling pathway via MyD88 and IRAKs (IL-1R-associated kinases) leading to the activation of transcription factor NF-κB and the expression of inflammatory cytokine genes. The direct stimulation of TLR-2 and TLR-4 activates Treg cells (Sutmuller et al. 2006; Caramalho et al. 2003) that are 'master regulators' of immune homeostasis (Hori et al. 2003) . Among the myriad of Treg subpopulations 'Tr1' cells produce IL-10 ( Roncarolo et al. 2006) . The role of TLR in mediating the immune disregulation in filariasis was well studied by stimulation of filarial antigen which rendered a diminished up-regulation of TLR in both B cells and monocytes of infected individuals. TLR ligand stimulation of B cells and monocytes resulted in decreased B cell and monocyte activation/cytokine production, indicating a state of immune tolerance (Babu et al. 2005) . The immunomodulatory role of ALT-2 along with the dysregulation of TLR-4 pathway (Fig. 3) could be an underlying mechanism for the high levels All concentrations were derived from standard curves and data are expressed after deducting the values of un-stimulated cultures
Immunomodulation of ALT-2 and TLR 29 of IL-10 and antigen specific hyporesponsiveness induced by ALT-2+MPLA formulation.
Conclusion
ALT-2 a L3 stage specific antigen administered with MPLA showed significantly high levels of IL-10 in both the MPLA, ALT-2 + MPLA groups reflecting the inhibitory effect of IL-4 and IL-5 levels, while in ALT-2 group showed high levels of IFN-γ and low levels of IL-10. The immunomodulatory role of ALT-2 has been proved again in this study in conjunction with adjuvant formulation as an attempt to increase the cellular immune response. Here we propose that dysregulation of TLR-4 along with immunomodulatory role of ALT-2 could contribute to antigen specific hyporesponsiveness. More insight is needed in identifying the specific TLR along with co stimulatory signals which might play a crucial role in the hyporesponsiveness.
